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EXECUTIVE SUMMARY
In July 2009, the Illinois Department of Transportation tasked the Wetlands Geology Section of
the Illinois State Geological Survey with conducting a hydrogeologic characterization of the
potential wetland mitigation bank site in Lawrence County, Illinois.  Data collected were
analyzed to determine the geology and hydrology of the site and to determine if wetland
hydrology could be restored or created.  Field work at this site began in November 2009 with
the installation of a network of monitoring wells, staff gauges, and data loggers.
This site has a total area of 29.6 ha (73.1 ac); 13.3 ha (32.8 ac) have been delineated as
wetland and 16.3 ha (40.3 ac) have been delineated as non-wetland. Of the non-wetland
portion of the site, 12.1 ha (29.9 ac), consisting of agricultural fields, are available for wetland
restoration/creation.  The site is mostly mapped as hydric soils, including the 12.1 ha (29.9 ac)
that is currently available for wetland restoration/creation.  There are three reversible
hydrologic alterations on the site, two culverts and a drain tile.  The primary water source
supporting wetland hydrology is flooding from Beaver Pond Ditch.  Flooding occurs regularly
before the start of pumping in Beaver Pond Ditch, which begins in March or April and ends in
October.  Reversing the hydrologic alterations and excavating portions of the agricultural fields
in order to trap flood waters and lengthen the period of inundation will likely result in inundation
and/or saturation during the non-pumping portion of the growing season (late February through
March) for periods sufficient to satisfy criteria for jurisdictional wetland hydrology.
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INTRODUCTION
This report was prepared by the Illinois State Geological Survey (ISGS) to provide the Illinois
Department of Transportation (IDOT) with conclusions regarding the hydrogeologic conditions
at a potential wetland mitigation bank near Lawrenceville, Illinois in Allison Township (SW ¼,
SW ¼, Section 15, and the W ½, NW ¼, NW ¼, Section 22, T3N, R11W), Lawrence County,
Illinois (Figure 1).  The area of the site is about 29.6 ha (73.1 ac).  Portions of the site are
currently used for agriculture and the remainder is forested.
The purpose of this report is to provide IDOT with data regarding the hydrogeologic conditions
of the site and to make recommendations regarding restoration and/or creation of wetlands. 
Therefore, for convenience, the report presents conclusions and design recommendations
first, followed by a discussion of the methods and supporting data.  The supporting data
include groundwater and surface-water data, and precipitation data collected from November
2009 through May 2011, and geologic data collected during the installation of monitoring wells.
Data collection at the site is ongoing and will continue until terminated by IDOT.  The data
currently being collected will be used to compare the pre- and post-construction hydrology of
the site and to determine the impact of restoration/creation activities on the area and the
duration of wetland hydrology.
SUMMARY AND CONCLUSIONS
The following factors indicate that the potential for wetland restoration and creation at this site
is MODERATE:
• A detailed on-site wetland determination, conducted by the INHS (Weisbrook, et al.
2009), delineated a total of 13.3 ha (32.8 ac) of wetlands at the site (Figure 2, sites 1,
2, and 3).  The remainder, totaling 16.3 ha (40.3 ac), was delineated as non-wetland,
and consisted of agricultural fields (site 5), levees and berms along Beaver Pond Ditch
(site 0), and a portion of the forest west of Beaver Pond Ditch (site 4).  The agricultural
fields, totaling 12.1 ha (29.9 ac), are available for wetland restoration and/or creation.
• The primary water source supporting wetland hydrology at this site is inundation due to
backflooding of Beaver Pond Ditch as the result of flooding on the Embarras River. 
Flood frequency analysis reveals that flooding on the Embarras River most often occurs
in the months of February through May.
• Pumping of Beaver Pond Ditch by the Consolidated Drainage District starts about mid-
March and ends in October or November.  Despite this pumping, wetlands exist on the
site because wetland hydrology criteria can be satisfied by floods that occur after the
growing season begins, but before the site is ordinarily pumped for farming.  Therefore,
wetlands likely can be created or restored despite the continued presence of the ditch
and pump.
• The hydrology of the site has been altered regionally, locally, and on-site (Figure 3). 
The regional hydrologic alteration is the Russell-Allison Levee, and the local alterations
are Beaver Pond Ditch, a pumping station in the ditch, and two gravity drains with
flapper gates in the ditch that pass through the levee.  On-site alterations include
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Figure 2.  Exisitng habitats delineated by the Illinois Natural History Survey (Weisbrook et al. 2009).  Map
based on 2009 National Agricultural Imagery Program aerial photography (U.S. Department of Agriculture
2010).
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Figure 3.  Existing hydrologic alterations. Map based on Lawernce NE and Lawrence SE 2005 NAPP
digital othophoto quarter quadrangles (Illinois State Geological Survey 2006).
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culverts in both banks of Beaver Pond Ditch, a drain tile in the forest north of the west
field, and a discontinuous berm along Beaver Pond Ditch.
• It is not feasible to reverse the regional or local hydrologic alterations in order to restore
wetland hydrology.  Flooding of the site by the Embarras and Wabash Rivers was the
primary water source supporting past wetland hydrology, but the regional levee and the
local drainage system currently serves to protect and drain most of the surrounding
floodplain for agriculture.  However, the on-site hydrologic alterations can be reversed
without affecting off-site properties.
• The agricultural fields did not exhibit wetland hydrology in 2010, a year that received
nearly normal precipitation, and therefore are not likely to be wetland at present.  This
represents 12.1 ha (29.9 ac) of potential mitigation area.
• Almost the entire site is mapped as hydric soil, including the agricultural fields (Figure
4), indicating that most of the site formerly supported wetlands prior to drainage for
conversion to agriculture. 
• Most of the site is underlain by slowly permeable geologic materials that are conducive
to ponding and a seasonal high water table. On-site soil borings show that the
sediments are dominantly silty clay, and permeameter tests indicate that the areas
mapped as Darwin, Wabash and Petrolia will likely retain surface water for periods of
weeks to months. Areas mapped as Westland are more permeable and are less
conducive to lengthy inundation and saturation.
WETLAND RESTORATION/CREATION RECOMMENDATIONS
The following alterations (Figure 5) are recommended for restoring or creating wetland on the
site.
West of Beaver Pond Ditch
• Remove the culvert that discharges into Beaver Pond Ditch (Figure 5) and replace it
with a spillway in order to allow input of floodwaters and retention of surface water. 
The recommended elevation of the spillway is 124.7 m (409.1 ft), based on recorded
water levels in the ditch.
• Remove the drain tile located north of the agricultural field, thereby preventing drainage
of the forested area and the northern portion of the agricultural field.
• Excavate about 4.2 ha (10.5 ac) of the agricultural field (Figure 5) to an elevation of
124.5 m (408.8 ft), removing as much as 0.7 m (2.3 ft) of sediment.  With a spillway
elevation of 124.7 m (409.1 ft), this will result in inundation depths ranging from 0.2 m
(0.6 ft) to 0.6 m (1.9 ft)  Construct a levee along the bank of Beaver Pond Ditch to an
top elevation no lower than 125.0 m (410.1 ft).
East of Beaver Pond Ditch
• Remove the culvert that discharges into Beaver Pond Ditch (Figure 5) and replace it
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Figure 4.  Soil map (U.S. Department of Agriculture 2009). Map based on Lawernce NE and Lawrence SE 
2005 NAPP digital othophoto quarter quadrangles (Illinois State Geological Survey 2006).
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Figure 5.  Planned hydrologic modifications. Map based on Lawernce NE and Lawrence SE 2005 NAPP
digital othophoto quarter quadrangles (Illinois State Geological Survey 2006).
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with a spillway in order to allow the input of floodwaters and retention of surface water. 
The recommended elevation of the spillway is 124.6 m (408.8 ft), which was chosen in
order to maximize the area of inundation, but minimize potential impacts on the road
along the southern boundary, which is at an elevation of about 124.8 m (409.5 ft).
• Excavate about 1.4 ha (3.5 ac) of the agricultural field (Figure 5) to an elevation of
124.5 m (408.5 ft), removing as much as 0.4 m (1.3 ft) of sediment.  With a spillway
elevation of 124.6 m (408.8 ft), this will result in inundation depths ranging from about
0.5 m (1.6 ft) near the spillway to about 0.1 m (0.3 ft) at the eastern boundary of the
site.  The area proposed for excavation is mapped as Westland clay loam (Figure 4). 
Permeameter tests in this soil reveal that the saturated hydraulic conductivity is highly
variable, and the time for water on ground surface to infiltrate to a depth of 30.0 cm
(12.0 in) ranges from 3 days to 1 year.
The invert elevation of the culvert under the east-west road east of Beaver Pond Ditch (Figure
5) is about 124.0 m (406.8 ft), which is lower than the proposed spillway elevation.  Land
surface elevation in the forested area south of the road (124.3 m [407.9 ft] at well 5S) is also
lower than the proposed spillway elevation.  Therefore, raising the elevation at which surface-
water flows off the site into Beaver Pond Ditch will likely increase area of inundation south of
the road, possibly impacting the adjacent farm field.  Therefore, assuming the landowner gives
permission, it is recommended that, either the elevation of the culvert and the road be raised,
or that the culvert be removed, and a new culvert installed that will discharge directly into
Beaver Pond Ditch, assuming the landowner agrees to the plan.
METHODS
The hydrology of the site was monitored using a combination of shallow monitoring wells and
staff gauges (Figure 6) to evaluate the hydrogeologic conditions and to estimate the area of
wetland hydrology.  Water levels were measured on a biweekly to weekly basis from March to
June and monthly during the remainder of the monitoring period.  Groundwater levels were
converted to depth-to-water below ground surface (Appendix A) and water-level elevation
(Appendix B), but surface-water levels were expressed as elevation only (Appendix B).
Groundwater data were collected from 16 monitoring wells (Figure 6). Details of well
construction are in Appendix C.  The shallow (S) wells were designed to monitor groundwater
within 0.75 m (2.5 ft) of ground surface, and were used to determine the timing and duration of
saturation.  Depth to groundwater was measured manually in all of the wells, but wells 4S, 7S,
and 10S were also equipped with pressure transducers in order provide a more continuous
record of groundwater levels.  At well 10S, the data were initially recorded in 1-hour intervals,
but this was later increased to 3-hour intervals; at wells 4S and 7S the data were all recorded
in 3-hour intervals.  The barometrically compensated height of the water column in each well
was converted to depth-to-water below ground surface and to water-level elevation.
Surface-water data were collected from three staff gauges (Gauges A, B, and C).  Gauges A
and B were manually read gauges that were installed in areas of the site that are prone to
prolonged inundation.  Gauge C was a pressure-transducer installed first (November 2009) in
Beaver Pond Ditch near the culvert in the west bank of the ditch, and, after it was destroyed by
vandals in Fall 2010, replaced with a second pressure-transducer in February 2011, installed in
a channel that drains water from the agricultural field west of Beaver Pond Ditch to the culvert
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in the west bank of the ditch.  Both transducers were programmed to record surface-water
depth in 3-hour intervals.
Additionally, flood frequency analysis for the Embarras River was conducted using stage data
recorded by the U.S. Geological Survey (USGS) at Lawrenceville, Illinois (gauge 03346500, 
U.S. Geological Survey 2011).  The gauge is located on the U.S. 50 bridge, about 6.4 km (4.0
miles) upstream of the site by river.  Stage data from 2002 to 2011 were used to characterize
the influence that water levels on the Embarras River have on Beaver Pond Ditch and the site. 
For this investigation, we evaluated flood frequency above “action stage (27 ft)” and “flood
stage (30 ft)” as defined by the National Weather Service, Advanced Hydrologic Prediction
Service (Advanced Hydrologic Prediction Service 2011). These flood thresholds were chosen
because observed backups in Beaver Pond Ditch generally commence with the exceedance of
action stage, and the flapper gates on the gravity drains close when flood stage is exceeded. 
Precipitation and potential evapotranspiration (PET) data were obtained the Midwestern
Regional Climate Center (Midwestern Regional Climate Center 2011) at the Illinois State Water
Survey (ISWS), and climatic data were obtained from the National Water and Climate Center
(National Water and Climate Center 2011) at the Natural Resources Conservation Service
(NRCS).  
Daily precipitation data recorded at Lawrenceville, Illinois (station#114957) and daily potential
evapotranspiration (PET) data recorded at Olney, Illinois (station#116446) were obtained from
the Midwest Regional Climate Center (2011), and were used to evaluate the influence of
annual and seasonal climate trends on groundwater, surface water, and wetland hydrology. 
The daily data were summed into monthly totals.  In one instance (March 2011), it was found
that monthly precipitation recorded at Lawrenceville was significantly less than the amount
recorded at Vincennes, Indiana due to missing data.  Therefore, the monthly total recorded at
Vincennes, Indiana (MRCC station# 129113) was used instead.  This station is about the same
distance from the site as the Lawrenceville station. The total monthly precipitation values were
compared to 30-year precipitation averages and thresholds obtained from the National Water
and Climate Center (2011) in order to determine if the months were above or below normal, or
within the normal range.  Monthly PET values were compared to the 20-year (1991-2010)
average monthly PET in order to determine which months were above or below normal, or
within the normal range.  In addition, ratios of monthly precipitation and PET were calculated in
order to determine if a month had a precipitation surplus or deficit. 
The start date, end date, and length of the growing season were determined using methods
outlined in the 1987 U.S. Army Corps of Engineers Wetland Delineation Manual
(Environmental Laboratory 1987), and in the 2010 Regional Supplement to the Corps of
Engineers Wetland Delineation Manual: Midwest Region (U.S. Army Corps of Engineers
2010).
According to the 1987 Manual, the growing season is the period between the last occurrence
of  -2.2EC (28EF) temperatures in the spring and the first occurrence in the fall.  The growing
season dates were obtained from WETS tables for adjacent Richland County, Illinois (Olney,
station#116446, National Water and Climate Center 2011)  because no data were available for
Lawrence County.  The median length (5 out of 10 years) of the growing season for the region
is 204 days, and the median starting date is April 6 and the median ending date is October 26. 
According the Midwest Regional Supplement, the growing season start dates are determined
10
by above-ground growth and development of non-evergreen vascular plants or the entire
period of continuous 30-cm (12-in.) soil temperature at or above 5.0EC (41EF). For this
investigation, we measured soil temperatures at the site to determine growing season starting
dates. Using this method, it was estimated that March 8 was the starting date of the 2010
growing season, and that February 28 was the starting date of the 2011 growing season.
The elevations of the staff gauges, water-level loggers, and monitoring wells were measured
using a Sokkia B-1 automatic level and a fiberglass extending rod relative to benchmarks
established on the site by the ISGS.  The elevations of the benchmarks were established
relative to the North American Vertical Datum of 1988 using a survey-grade Leica GPS 1200+.
SITE CHARACTERIZATION
Geographic Setting
The study site is located in the catchment of Beaver Pond Ditch, within the Embarras River
watershed (HUC 05120112).  The mouth of the ditch is 4.3 km (2.7 mi.) by river above the
confluence of the Embarras River with the Wabash River, and 6.4 km (4.0 mi.) by river
downstream of the USGS gauge near Lawrenceville, Illinois (Healy 1979).  The site lies in the
broad floodplain between the Embarras and Wabash rivers and is within the Springfield Plain
in the Till Plains Section of the Central Lowlands Physiographic Province (Leighton et al.
1948).
Total relief at the site (Figure 6) is about 2.2 m (7.1 ft), not including the Russell-Allison Levee
or Beaver Pond Ditch (Figure 4).  West of the ditch, the lowest areas are closed depressions in
the forested areas north and south of the agricultural field (near Gauges A and B).  East of the
ditch, the lowest area is the forest north of the road and south of well 7S.  These areas are the
most flood-prone on the site, and were the only areas to satisfy criteria for jurisdictional
wetland hydrology in 2010.
Except for the Russell-Allison levee, the highest area on the site is the forested area north of
well 15S.  Well 15S is at the toe of a slope that rises to a mostly flat area between Beaver
Pond Ditch and the levee.  In this area, land-surface elevation at well 14S is 125.8 m (412.8 ft),
1.7 m (5.7 ft) higher than at well 15S.
The topographic map of the site (Figure 6) shows that total relief in the agricultural fields is
about 0.6 m (2.0 ft) for the field east of Beaver Pond Ditch, and about 1.2 m (3.9 ft) for the field
west of Beaver Pond Ditch.  The field east of Beaver Pond Ditch ranges in elevation from
about 124.9 m (409.8 ft) along the eastern site boundary to about 124.3 m (407.8 ft) near the
east edge of the forest.  There is also a shallow drainage ditch along the north side of the road
that grades from 124.6 m (408.8 ft) to 124.3 m (407.8 ft) from east to west.  The field west of
Beaver Pond Ditch ranges in elevation from about 125.3 m (411.1 ft) at the south end to about
124.1 m (407.2 ft) at the north end, with some small depressions within the field.
Geology
The uppermost bedrock unit is the Pennsylvanian Bond Formation, which is composed mostly
of limestone and sandstone (Willman et al. 1967).  The site is on the east-facing slope of the
buried Wabash River Valley (Herzog et al. 1994, Weibel 2005a) (Figure 7).
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Unconsolidated sediment thickness at the site ranges from 7.6 m (25.0 ft) to 22.8 m (75.0 ft)
(Piskin and Bergstrom 1975, Weibel 2005b).  Surficial materials at the site are mapped as less
than 6.0 m (19.7 ft) of Cahokia Formation overlying more than 6.0 m (19.7 ft) of the Henry
Formation (Berg and Kempton 1988). The log of a water-supply well (Figure 7: API
12101396400), located in section 22, about 1 mile east of the site, shows 3.0 m (10.0 ft) of
sand and gravel over 19.8 m (65.0 ft) of gravel.  Logs of water-supply wells in sections 13, 14,
and 15 (Illinois State Geological Survey 2011) are similar, showing sand and gravel to depths
of as much as 24.4 m (80.0 ft).
The surficial deposit mapped at the site is Cahokia Formation alluvium (Lineback 1979, Figure
8), which generally consists of poorly sorted sand, silt and clay deposited on floodplains and in
stream channels (Lineback 1979).  The Mackinaw Member of the Henry Formation, which is a
valley train deposit composed of sandy gravel or pebbly sand, is mapped just to the northwest
of the site.  It may underlie the site at depth, and may have been the source of the sediments
mined from the former gravel pit in the northern portion of the site.
Soil borings completed at the site revealed that the Cahokia Formation is at least 2.0 m (6.5 ft)
thick and was composed primarily of silty clay.  There were some variations, such as at well
14S, where brown, loose, fine to medium sand was found to a depth of 75.0 cm (30.0 in), and
at well 15S where the silty clay contained significant amount of gravel.  Both of these wells are
in or adjacent to the former gravel pit (Figure 3), and may represent disturbed conditions. 
Gravel was also found scattered on ground surface near the south end of the west field, but
this may have been gravel from the road that formerly crossed the field from east to west.
The walls of Beaver Pond Ditch are composed of silty clay.  However, the bottom of the ditch
may intersect sand of the Henry Formation underlying the site, as was found in soil borings #1
and #3 (Benton et al. 2009).
Soils
All soils mapped at the site, except the area of the former gravel pits, are classified as hydric
by the NRCS (Soil Survey Staff 2011) and are all poorly drained (Figure 4 and Table 1).  The
Darwin and Wabash soils are in hydrologic soil group D, meaning they have a very slow
infiltration rate and high runoff potential when undrained, and are subject to occasional
flooding and ponding (Soil Survey Staff 2011).  The Petrolia soil belongs to hydrologic soil
group C/D (Soil Survey Staff 2011), meaning it has a slow infiltration rate where drained (group
C) and a very slow infiltration rate (group D) where undrained.  The Petrolia is subject to
occasional flooding and ponding (Soil Survey Staff 2009).  Ponding has been observed during
the monitoring period where this soil is mapped on the site, but flooding was observed only in
May 2011. The Westland soil is in hydrologic soil group B/D (Soil Survey Staff 2011).  This soil
has a moderate infiltration rate where drained (group B) and a very slow infiltration rate where
undrained (group D).  The soil is not subject to flooding but it is subject to frequent ponding 
(Soil Survey Staff 2009).  Ponding has not been observed during the monitoring period,
however, flooding was observed in March and May 2011.
Several permeameter tests were conducted at the site to verify the permeability values
reported by the Soil Survey.  The results are given in Table 1, and the locations of the tests are
shown on Figure 4.  The test conducted in the Darwin soil in 2009 reveal that it has very slow
permeability, within the range reported by the Soil Survey. The results of on-site permeameter
13
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tests conducted in the Petrolia soil show that it is somewhat less permeable than reported by
the Soil Survey (Table 1).
The results of permeameter tests conducted in the Westland soil reveal that the saturated
hydraulic conductivity of this soil is highly variable, in that, it would take as little as 3 days for
water on ground surface to infiltrate 30.0 cm (12.0 in) into the soil (Table 1).  Therefore, it is
less likely that wetland hydrology can be restored in portions of the site where Westland soil is
mapped (Figure 3) and excavation may be required to create wetlands in these areas,
depending on elevation.
Soil Type Hydric Permeability of
most limiting
layer(cm/hr)
Permeability
from on-site
tests (cm/hr)
Flooding/Ponding Water Table
Westland
clay loam
(300)
yes 1.52-5.08 0.0036-0.36 None/Frequent Depth: 0.0 cm
Period: Mar-Jun
Darwin
silty clay
(8071)
yes 0.00-0.15 0.00036 Occasional/Occasional Depth: 0.0 cm
Period: Mar-Jun
Petrolia
silty clay
loam
(8288)
yes 0.51-1.52 0.036 Occasional/Occasional Depth: 0.0 cm
Period: Mar-Jun
Wabash
silty clay
8083
yes 0.00-1.52 na Occasional/None Depth: 15.0 cm
Period: Mar-Jun
Table 1:  Hydrologic properties of on-site soil types (Soil Survey Staff 2009). 
Wetlands
The NWI mapped about 17.5 ha (43.1 ac) of forested wetlands (PFO1A) at the site (Appendix
D, U.S. Fish and Wildlife Service 2009), and the certified wetland determination by the NRCS
indicates that the wetland status of the approximately 28.9 acres of cropland is prior converted,
indicated as ‘PC’ in Appendix E.
A more detailed on-site wetland determination, conducted by the INHS, resulted in a total of
13.3 ha (32.8 ac) of wetlands delineated at the site (Wiesbrook et al. 2009, Figure 2).  The
remainder of the site 16.3 ha (40.3 ac) is non-wetland.  The non-wetland areas identified by
the INHS (Figure 2) include roads, levees, and Beaver Pond Ditch (Site 0), mesic floodplain
forest (Site 4) and agricultural fields (Site 5).  The levees and ditch within Site 0 cannot be
restored to wetland because the Russell-Allison Levee and Beaver Pond Ditch will be
maintained for flood control.  The mesic floodplain forest in Site 4 does not have hydric soil
and therefore was never wetland.  The agricultural fields in Site 5 have hydric soil and
dominant hydrophytic vegetation; however, they are currently drained and used for crop
production.  Therefore, the agricultural fields (Figure 2, site 5), totaling 12.1 ha (29.9 ac), are
the target area for potential wetland restoration and/or creation.
15
Hydrology
Precipitation and Evapotranspiration
Average annual precipitation (1971-2000) at the Lawrenceville weather station is 114.6 cm
(45.2 in.) (Midwestern Regional Climate Center 2011). The 30-year monthly averages show
that most of the annual precipitation falls during the period March through June, with seasonal
peaks occurring in May and November (Figure 9). Drier periods typically occur during late
summer into fall (August through October) and winter (December through February).
Precipitation amounts recorded at the Lawrenceville weather station were 92% of normal for
2010 and, in 2011, 125% of normal through May 31. During the early growing season
(February through May), precipitation was 94% normal in 2010 and 135% of normal in 2011,
with an exceedingly wet April.  Monthly precipitation during the monitoring period (Figure 9)
was well-above average in 6 of the months, near average in 6 of the months, and well-below
average in 7 of the months.  The wettest month during the monitoring period was April 2011
with 296% of the 30-year average, and the driest month was October 2010 with 24% of the 30-
year average.
Total PET during the monitoring period was 156.46 cm (61.60 in), which was 103% of the 20-
year (1991-2010) average.  On average, PET tends to be lowest in the winter (December
through February), and highest in the summer (June through August) (Figure 10).  Monthly
PET during the monitoring period was generally close to the 20-year average.  Ratios of
monthly precipitation and PET (Figure 10) show that moisture surpluses (ratio $ 1.0) occurred
in most months during the monitoring period, and have occurred every month starting in
November 2010, which may have affected the number of duration of flood events in 2011. 
Surface Water
Inundation on the site generally occurs when Beaver Pond Ditch is at least bank-full, which has
happened at least twelve times during the monitoring period (Appendix F).  At bank-full (Figure
11), water backs up the culverts in the banks of the ditch and inundates adjacent areas (see
Appendix F, March 22, 2010).  In this type of event, inundation west of Beaver Pond Ditch is
generally confined to the forested area north of the agricultural field, and the northern portion
of the field, and east of Beaver Pond Ditch it is generally confined to the forested areas
adjacent to the east-west access road.  At higher levels (Figure 11), inundation is more wide-
spread.  The area inundated depends of the height of the flood peak, but has encompassed
the entire site (see Appendix F, March 15, 2011 and May 3, 2011).
The water level in Beaver Pond Ditch is influenced by the Embarras River.  Analysis of peaks 
on the hydrographs of Embarras River stage and Beaver Pond Ditch stage in 2010 (Figure 11)
reveals that they mostly occur at the same time.  On-site observations revealed that the water
level in the ditch was rising when the Embarras River at Lawrenceville reached action stage
(8.2 m [27.0 ft]).  This was observed at the site on February 23, 2011, when it was noticed that
the flow of water in Beaver Pond Ditch was reversed, that is, the water was flowing upstream. 
In addition, the water level in the ditch rose noticeably during the course of the day (Figure 11),
revealing that the gravity drains in the Russell-Allison levee were still open.  At Lawrenceville,
river stage that day was above action stage (Figure 11), and stage increased from 8.5 m (28.0
ft) to 8.8 m (28.8 ft) during the course of the day (U.S. Geological Survey 2011).
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Figure 9. Monthly precipitation during the monitoring period.
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When the Embarras River reaches flood stage at Lawrenceville, then the water level outside
the Russell-Allison levee exceeds the elevation of the gravity drains, and the water pressure
forces them closed.  This traps any further runoff inside the levee, and, if the pumps are not
running, results in the inundation of the site.  In March 2011, about two-thirds of the site was
inundated during a flood event on the Embarras River.  The river reached action stage on
February 22, and flood stage (9.1 m [30.0 ft]) on February 25.  During a site visit on March 8, it
was observed that the portion of the site west of Beaver Pond Ditch was inundated as far
south as well 11S (Figure 6), and that inundation extended up to 0.8 km (0.5 mile) east of the
site.  The Embarras River remained above action stage until March 18.  On March 15, 2011,
most of the site was still inundated (Appendix F), and on March 21, it was observed that the
gravity drains were still submerged, but that water was flowing out.  By March 28, the site was
mostly drained.  The only inundation was in the forest north of the agricultural field west of
Beaver Pond Ditch, and in the forest adjacent to the east-west road east of Beaver Pond
Ditch.
The greatest extent of inundation on the site occurs as the result of the Russell-Allison Levee
being overtopped and/or breached.  On the morning of May 3, 2011, it was discovered that the
levee had been breached overnight in several locations near the confluence of the Embarras
and Wabash Rivers (Lawrence County Emergency Management Agency 2011).  During a visit
to the site on May 24, erosion gullies on the inside of, and sand bags on the top of, the portion
of the Russell-Allison levee along the western boundary of the site, reveal that it had been
overtopped during the recent flood event.  On April 29, the Embarras River had reached a
stage of 12.3 m (40.2 ft), which was more than 3.0 m (10.0 ft) above flood stage.  The
hydrograph of the logger in the field west of Beaver Pond Ditch (Figure 11) shows that surface
water on the site had peaked at a depth of about 1.3 m (4.3 ft) on April 29.  However, starting
at about 6PM on May 2, water depth began to increase again, likely as the result of the levee
breaches.  As a result, the entire site was inundated (Appendix F), and surface-water depth
peaked at about 3.0 m (10.0 ft) on May 6.
Flood frequency analysis shows that Embarras River levels are high enough to likely cause
back flooding of Beaver Pond Ditch in most years, and occurred most often in the winter and
spring.  Table 2 shows the number of days per month that the Embarras River was at or above
action stage in the period 2002 through 2011.  The table shows that action stage events
mostly occurred in the winter (December to February) and spring (March to May), which is
usual for Illinois (Changnon et al. 1983).  The months with the highest probability of having an
action stage event are March, April, and May, followed by February.  The months with the
lowest probability of having an action stage event are August, September, and October.
Overland flow and storm runoff are relatively minor water sources at the site, although they
may provide more of a contribution to the portion of the site east of Beaver Pond Ditch due to
higher land elevations adjacent to the eastern boundary.
Groundwater
The Henry Formation and the Pennsylvanian Bond Formation are major aquifers in Lawrence
County, and are utilized for municipal, agricultural, and domestic water supply (Hanson 1950,
Illinois State Geological Survey 2011, Selkregg et al. 1957).  At the site, the Henry Formation
likely does not contribute to wetland hydrology because it is overlain by Cahokia Formation
alluvium (Figure 7 and 8).  Instead, saturation in the soil zone at the site occurs as perched
20
groundwater.  Figures 12, 13, 14, and 15 show, respectively, groundwater elevation and depth
to groundwater in monitoring wells west of Beaver Pond Ditch, and groundwater elevation and
depth to groundwater in monitoring wells east of Beaver Pond Ditch.  On both sides of the
ditch, groundwater tends to be closest to ground surface in the spring, and furthest from
ground surface in the fall.  This is because inundation of the site is most likely to occur in the
spring (Table 2).
Calender
year
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2002 7 11 11 27
2003 10 10 3
2004 8 4 4 10 1 8 14
2005 25 16
2006 11 12 1 3 13
2007 26 4 10 7
2008 5 17 19 15 10 15 4 7
2009 5 11 23 28 8
2010 5 4 1 18 4
2011 6 19 12 18
Total 61 61 106 93 79 43 18 0 3 1 11 34
Table 2: Days per month Embarras River at Lawrenceville, Illinois was at or above action
stage.
Local groundwater flow often is towards Beaver Pond Ditch as shown on Figure 16.  The ditch
tends to flow year-round, and seepage has been observed in the bottom and walls of the ditch
when the water level is low, suggesting that it receives groundwater discharge.
The site is likely affected by groundwater recharge when the Embarras River is at or above
action stage.  It has been observed at the site that flood water outside the Russell-Allison
levee rises about halfway up the levee when the Embarras River is near flood stage.  This
likely causes an upward groundwater gradient inside the levee, which is a factor contributing to
on-site saturation.
Hydrologic Alterations
Various hydrologic alterations facilitate drainage of the site for agriculture. The regional
hydrologic alteration is the Russell-Allison Levee, which protects an area of about 12,150 ha
(30,000 ac) from Embarras and Wabash River flooding.  The levee is about 6.1 m (20.0 ft) tall
at the site.  Local alterations are Beaver Pond Ditch, two gravity drains with flapper gates in the
levee, and a pumping station (Figure 3).  Beaver Pond Ditch is about 16 km (10 mi.) long and
drains an area of about 3,240 ha (8,000 ac) within the leveed area (Healy 1979, Pickels and
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Leonard 1929).  The ditch divides the site and is about 5.5 m (18.0 ft) wide and about 2.4 m
(8.0 ft) deep where it passes through the site.  Exact dates for levee construction, pumping
station installation, and ditch excavation could not be determined from a records search, but
the levee was first proposed in 1912 (Harman 1912), and a map in the same publication
depicts the ditch in its current location.
The on-site hydrologic alterations include culverts in both banks of Beaver Pond Ditch, a drain
tile in the forest north of the west field, and a discontinuous levee along Beaver Pond Ditch
(Figure 3).  The culverts are 61-cm (24-in) diameter corrugated steel.  The invert elevation of
the west culvert is 123.51 m (405.24 ft), which is 0.89 m (2.92 ft) below the top of the bank,
and the invert elevation of the east culvert is 123.32 m (404.61 ft), which is 0.80 m (2.62 ft)
below the top of the bank.  The drain tile is 5.1-cm (2.0-in) diameter PVC at the outlet.  It is
about 1.5 m (5.0 ft) below the top of the bank where it discharges into the ditch.  The length of
the tile is not known.
The west bank of Beaver Pond Ditch was likely formed by spoil when the ditch was excavated. 
Its height above the adjacent farm field ranges from 0.19 m (0.62 ft) near the south end of the
field to 0.45 m (1.47 ft) near the north end of the field.  The top of the bank is mostly at or
above an elevation of 125.0 m (410.1 ft).  Only in the vicinity of the culvert and a former bridge
abutment (near well 12S) is it below that elevation.  At the culvert, the top of the bank is at an
elevation of 124.4 m (408.1 ft), while at the abutment it is at an elevation of 124.6 m (408.8 ft). 
In addition, there is a drainage channel at the abutment that directs water around it and into
Beaver Pond Ditch, that appears to be lower than 124.6 m (408.8 ft).
The east bank of Beaver Pond Ditch is a dirt road north of the T-intersection and a gravel road
south of the intersection (Figure 3).  There are noticeable spoil piles, overgrown with trees and
brush, along the east side of the road that are likely spoil from Beaver Pond Ditch.  The dirt
road is mostly at or above an elevation of about 124.5 m (408.5 ft), except in the vicinity of the
culvert, where it is at an elevation of 124.1 m (407.2 ft).  The spoil piles are somewhat higher
than the road, except at the location of the culvert where they are missing.
A potentially significant hydrologic alteration adjacent to the site is a 0.3 m (1.0 ft) diameter,
corrugated steel culvert under the east-west road east of Beaver Pond Ditch (Figure 3).  This
culvert drains the forested area, and portions of the adjacent farm field south of the road into
the forested area north of the road, which then discharges into Beaver Pond Ditch via the
culvert there.  The invert elevation of the road culvert is about 124.0 m (406.8 ft), which is
higher than that of the Beaver Pond Ditch culvert.  If the latter culvert is removed and replaced
with a spillway at a higher elevation, then water would likely back up the road culvert, flooding
the forested area south of the road, and possibly the adjacent agricultural field.  On the other
hand, keeping the invert elevation of the Beaver Pond Ditch culvert lower than that of the road
culvert would likely result in an area of inundation north of the road smaller than the area that
could potentially support wetland hydrology.  Therefore, the road culvert will have to be
removed, elevated, or replaced with a culvert that discharges westward directly into Beaver
Pond Ditch.  Removing the culvert altogether or raising its elevation will likely increase
saturation south of the road in an area that is not being acquired by IDOT, and landowner
agreement would be needed for any alteration at all.
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Effect of Pumping
The Consolidated Drainage District operates a pumping station (Figure 3) just south of the site
that drains Beaver Pond Ditch and surrounding farm fields.  Although no pumping records are
available, the drainage district manager stated that the pumps are typically switched on only
during floods that occur within the growing season, usually mid-March through November
(Gene Marenholtz personal communication).
Comparison of the Embarras River stage with stage in Beaver Pond Ditch during 2010 shows
the signature of when pumping occurred (see Figure 11).  Usually, the hydrograph of Beaver
Pond Ditch stage is smooth and similar, except in magnitude, to the hydrograph of Embarras
River stage (e.g., see March and April 2010).  In addition, peaks in the stage of Beaver Pond
Ditch tend to occur on the same day as peaks in the stage of the Embarras River.  However,
when Beaver Pond Ditch is being pumped, the hydrograph of the ditch is truncated, which can
be seen in June and July 2010 (Figure 11).  A flood event was occurring on the Embarras
River, and pumping at the site was confirmed during a site visit on June 22, 2010.  The
pumping prevented the inundation of the site, and, as a result, saturation mostly did not occur. 
Depth-to-groundwater data show that, in June 2010, saturation occurred only at monitoring
well 6S (Appendix A), and for several brief periods at monitoring well 10S (Figure 13).  These
brief periods corresponded to precipitation events that caused saturation, but it lasted for a day
or less.
Wetland Hydrology
In 2010, only small areas of the site satisfied the criteria wetland hydrology (Environmental
Laboratories 1987, U. S. Army Corps of Engineers 2010, Figure 17).  It was estimated that a
total of 2.4 ha (6.0 ac) satisfied the wetland hydrology criteria for 14 or more consecutive days
during the growing season, and that 1.5 ha (3.8 ac) and 1.3 ha (3.3 ac) satisfied the wetland
hydrology criteria for 5% and 12.5% of the growing season, respectively (Miner et al. 2010).  In
contrast, in 2011 it was estimated that about 15.8 ha (39.1 ac) of the site satisfied the wetland
hydrology criteria for 14 or more consecutive days during the growing season (Figure 18), and
that 26.2 ha (64.7 ac) and 15.7 ha (38.8 ac) satisfied the wetland hydrology criteria for 5% and
12.5% of the growing season, respectively. 
In 2010, precipitation and PET were about average, though comparing seasonal totals reveals
that winter precipitation was more than twice winter PET (Table 3).  There were eight action
stage events during the year, and the Embarras River was at or above action stage a total of
35 days.  The average duration of the events was 4.4 days, which was typical, because 36.0%
of the events that have occurred during the period of record (U.S. Geological Survey 2011)
have lasted 5 days or less.  Almost all of the action stage events resulted in the water levels in
Beaver Pond Ditch being high enough to at least submerge the culverts and prevent drainage
of the site for periods ranging from < 2 days to about 18 days.
In 2011, precipitation and PET were not as close to average as 2010 (Table 2), but the area
and duration of wetland hydrology in 2011 were both much greater than in 2010.  This was due
primarily to the two unusual flood events that occurred on the Embarras River (Figure 16), and
included levee breaks and widespread flooding.  These events both lasted more than 20 days,
and only a total of 6 such events have occurred since river monitoring began in 2002 (U.S.
Geological Survey 2011).  The provisional peak stages of these events were 10.94 m (35.89
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Figure 17. Area of wetland hydrology in 2010 (Miner et al. 2010)
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Figure 18. Area of wetland hydrology in 2011 (Miner et al. 2011).
30
ft), and 12.44 m (40.82 ft).  If these become the final peak stages, then they will be among the
top 10 ever recorded there (Advanced Hydrologic Prediction Service 2011).
Precipitation
Percent of 30-year
(1971-2000) average
Potential Evapotranspiration
Percent of 20-year 
(1991-2010) average
PPT vs PET
Percent of
seasonal totals
Year Winter Spring Year Winter Spring Winter Spring
2010 91.6 100.6 99.0 103.1 100.0 107.2 263.5 105.9
2011 na 69.1 138.7 na 110.1 97.8 164.9 162.6
Table 3: Climate statistics
CONCLUSIONS
Wetland hydrology mostly occurs at this site as the result of inundation.  However, under
current drainage conditions, only small areas of the site are expected to satisfy wetland
hydrology criteria in an average year.  Therefore, in order to increase area and duration of
inundation and saturation on the site, the following hydrologic modifications suggested.  We
anticipate 25.4 ha (62.7 ac) of the site, which includes 13.3 ha (32.8 ac) of delineated wetland,
and 12.1 ha (29.9 ac) currently used for agriculture, could satisfy wetland hydrology criteria in
an average year:
C Excavate the portions of the site shown on figure 5, thereby allowing the greater
volume of water retained on the site to inundate a larger area.
C Remove the two culverts and replace them with spillways set at a higher elevation, and
remove the drain tile, causing more water to be retained in the excavations.
C Raise the banks of the ditch to a higher elevation in order to retain additional surface
water.  There are currently a few spots along the banks that are near or lower in
elevation than the recommended spillway elevation.  These could become focal points
for drainage, perhaps resulting in damage to the banks.
C If drainage from the site is prevented (e.g., by removing the culverts, the drainage tile,
and installing spillways), then late winter and early spring floods and precipitation
events should supply enough water to restore wetland.  However, in years in which a
flood does not occur, or flooding events occur after the start of pumping, then wetland
hydrology acreage may not achieve the target acreage goals.
Pumping of Beaver Pond Ditch is likely to have the greatest impact on the potential for wetland
restoration at this site.  Nevertheless, the following suggests that even this can be overcome:
C The pumping of Beaver Pond Ditch generally starts about mid-March, and ends in
October or November.
C Soil temperatures collected at the site reveal that the growing season can begin in
February, that is, before the start of the pumping season.
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C Flood frequency analysis reveals that the month in which action stage events are most
likely to occur is March, which is the start of the pumping season.
C Even if only one action stage event occurs after the start of the growing season, but
before the start of the pumping season, then it is likely that the target wetland acreage
can be achieved if the recommended modifications are made to the site.  However, if
the event occurs during the pumping season, and the water level in Beaver Pond Ditch
remains below bank-full, thereby preventing flooding of the site, then the area satisfying
wetland hydrology criteria would likely be smaller than expected.
ACKNOWLEDGMENTS
This material is based upon work supported by the Illinois Department of Transportation under
Award No. IDOT 2011-05575.  Any opinions, conclusions, or recommendations expressed in
this publication are those of the author(s) and do not necessarily reflect the views of the Illinois
Department of Transportation.  Publication of this report is authorized by the Director, Illinois
State Geological Survey, Prairie Research Institute, University of Illinois Urbana-Champaign.
32
REFERENCES
Advanced Hydrologic Prediction Service, 2011, National Weather Service,
http://water.weather. gov/ahps/, accessed June 23, 2011 and August 23, 2011.
Benton, S. E., K. E. Bryant, E. T. Plankell, and G. E. Pociask, 2009, Initial Site Evaluation,
Lawrence Proposed Wetland Bank Site, Lawrence Co., IL: unpublished contract report
presented to the Illinois Department of Transportation, Illinois State Geological Survey,
Champaign, IL, 26 p.
Berg, R. C., and J. P. Kempton, 1988, Stack-Unit Mapping of Geologic Materials in Illinois to a
Depth of 15 Meters: Illinois State Geological Survey Circular 542, ISGS, Urbana, IL,
23 p.
Changnon, S. A., Jr., J. P. Lardner, J. L. Vogel, and P. G. Vinzani, 1983, Floods of Winter-
Spring 1982 in Illinois: Report of Investigation 105, Illinois State Water Survey,
Champaign, IL, 61 p.
Environmental Laboratory, 1987, Corps of Engineers Wetlands Delineation Manual: Technical
Report Y-87-1, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS,
100 p.
Hanson, R., 1950, Public Ground-Water Supplies in Illinois: Illinois State Water Survey Bulletin
40, State of Illinois, Department of Registration and Education, Urbana, IL, 1300 p.
Harman, J. A., 1912, Report and plans for the reclamation of lands subject to overflow in the
Embarras River Valley: Illinois State Geological Survey Bulletin 25, University of Illinois,
Urbana, IL, 42 p.
Healy, W. R., 1979, River mileages and drainage areas for Illinois streams, volume 1, Illinois
except Illinois River Basin: U.S. Geological Survey, Water Resources Investigation
Report 79-110, 350 p.
Herzog, B., B. Stiff, C. Chenoweth, K. Warner, J. Sieverling, and C. Avery, 1994, Buried
Bedrock Surface of Illinois: Illinois State Geological Survey, Illinois Map 5, Champaign,
Illinois, map scale 1:500,000, 1 sheet.
Illinois State Geological Survey, 2006, Lawrence, NE and SE digital orthophoto quarter
quadrangles: Illinois Natural Resources Geospatial Data Clearinghouse, Champaign,
Illinois, online at  http://www.isgs.uiuc.edu/nsdihome/webdocs/doq05/.
Illinois State Geological Survey, 2011, Illinois Water Well (ILWATER) Internet Mapping
Service, available at http://www.isgs.illinois.edu/maps-data-pub/wwdb/launchims.shtm,
accessed August 15, 2011.
Lawrence County Emergency Management Agency, 2011, flood alerts and flood photographs,
http://www.LCEMA.org/, accessed 5/3/2011.
Leighton, M. M., G. E. Ekblaw, and L. Horberg, 1948, Physiographic Divisions of Illinois: Illinois
33
State Geological Survey Report of Investigations 129, Champaign, IL, 19 p.
Lineback, J. A. (map compiler), 1979, Quaternary Deposits of Illinois: Illinois State Geological
Survey, Champaign, Illinois, map scale 1:500,000, 1 sheet.
Midwestern Regional Climate Center, 2011, Precipitation data recorded in 2010 and 2011 at
Lawrenceville, Charleston, Newton, Casey, Robinson, and Tuscola Illinois: Midwest
Climate Information System: Illinois State Water Survey, Champaign, IL, available on
line at http://www.mcc.sws.uiuc.edu.
Miner, J.J., J. R. Ackerman, S.E. Benton, K.E. Bryant, M.C. Campbell, K.W. Carr, A.K.M.
Knight, C.W. Knight, J. L. B. Monson, E.T. Plankell, and G.E. Pociask, 2010, Annual
Report for Active IDOT Wetland Mitigation and Hydrologic Monitoring Sites, September
1, 2009 through August 31, 2010: Illinois State Geological Survey Open-File Series
2010-4, Champaign, Illinois, 251 p.
Miner, J.J., S.E. Benton, K.E. Bryant, M.C. Campbell, K.W. Carr, A.K.M. Knight, C.W. Knight,
E.T. Plankell, and G.E. Pociask, 2011, Annual Report for Active IDOT Wetland
Mitigation and Hydrologic Monitoring Sites, September 1, 2010 through August 31,
2011: Illinois State Geological Survey Open-File Series 2011-3, Champaign, Illinois,
242 p.
National Water and Climate Center, 2011, Lawrenceville, Illinois rain gauge, U.S. Department
of Agriculture, Natural Resources Conservation Service, Portland, OR, available on line
at http://www.wcc.nrcs.usda. gov/wcc.html.
Pickels, G. W., and Leonard, F. B., 1929, Engineering and legal aspects of land drainage in
Illinois: Illinois State Geological Survey Bulletin 42, Department of Registration and
Education Division of the State Geological Survey, Urbana, IL, 334 p.
Piskin, K., and R. Bergstrom, 1975, Thickness of Glacial Drift in Illinois: Illinois State Geological
Survey Circular 490, Champaign, Illinois, 34 p.
Selkregg, L. F., W. A. Pryor, and J. P. Kempton, 1957, Groundwater Geology in South-Central
Illinois: Illinois State Geological Survey Circular 225, State of Illinois, Department of
Registration and Education, Urbana, IL, 30 p.
Soil Survey Staff, 2009, Custom soil resource report for Lawrence County, Illinois: Soil Survey
Staff, National Resource Conservation Service, U.S. Department of Agriculture, Web
Soil Survey, available online at http://websoilsurvey.nrcs.usda.gov/, accessed April 30,
2009, 17 pp.
Soil Survey Staff, 2011, Web soil survey, Soil Survey Staff, National Resource Conservation
Service, United States Department of Agriculture, available online at http://websoil
survey.nrcs.usda.gov/, accessed June 21, 2011.
U.S. Army Corps of Engineers, 2010, Regional Supplement to the Corps of Engineers Wetland
Delineation Manual:  Midwest Region (Version 2.0):  J.S. Wakeley, R.W. Lichvar, and
C.V. Noble (eds.), ERDC/ELTR-10-16, U.S. Army Engineers Engineer Research and
Development Center, Vicksburg, MS, 152 p.
34
U.S. Department of Agriculture, 2009, Web Soil Survey, Soil Survey Staff, Natural Resources
Conservation Service, U. S. Department of Agriculture, available online at http://websoil
survey.nrcs.usda.gov/accessed.
U.S. Department of Agriculture, 2010, Lawrence County, Illinois, 2009 National Agriculture
Imagery Program (NAIP) aerial photography, USDA Aerial Photography Field Office
Salt Lake City, UT.
U.S. Fish and Wildlife Service, 2009, National Wetlands Inventory: Wetlands Mapper, online at
http://wetlandsfws.er.usgs.gov/NWI/.
U.S. Geological Survey, 2011, Lawrenceville, Illinois, Embarras River gauge, USGS gauge
number 03346500;
http://waterdata.usgs.gov/nwis/nwisman/?site_no=03346500&agency_cd= USGS     
Weibel, C. P., 2005a, Bedrock Topography of Vincennes Quadrangle, Knox County, Indiana
and Lawrence County, Illinois: Illinois State Geological Survey, Champaign, IL, map
scale 1:24,000, 1 sheet.
Weibel, C. P., 2005b, Drift Thickness of Vincennes Quadrangle, Knox County, Indiana and
Lawrence County, Illinois: Illinois State Geological Survey, Champaign, IL, map scale
1:24,000, 1 sheet.
Weisbrook, Scott M., Brian Wilm, and Brad Zercher, 2009, Mitigation site assessment for
Lawrence County wetland mitigation bank site, Lawrence County, Illinois: Illinois Natural
History Survey, unpublished contract report, Champaign, IL, 27 p.
Willman, H., J. Frye, J. Simon, K. Clegg, D. Swann, E. Atherton, C. Collinson, J. Lineback, and
T. Buschbach, 1967, Geologic map of Illinois: Illinois State Geological Survey,
Champaign, Illinois,  map scale 1:500,000, 1 sheet.
35
R
ea
d_
Da
te
W
el
l 1
S
W
el
l 2
S
W
el
l 3
S
W
el
l 4
S
W
el
l 5
S
W
el
l 6
S
W
el
l 7
S
W
el
l 9
S
W
el
l 1
0S
11
/5
/2
00
9
0.
22
4
0.
40
2
0.
46
5
dr
y
0.
01
9
0.
19
8
0.
23
5
0.
43
3
n.
i.
12
/2
/2
00
9
0.
29
4
0.
54
3
0.
44
8
0.
63
1
-0
.0
06
0.
18
0
0.
20
2
0.
36
0
n.
i.
1/
7/
20
10
fro
ze
n
fro
ze
n
fro
ze
n
0.
44
3
-0
.7
85
fro
ze
n
fro
ze
n
fro
ze
n
n.
i.
2/
2/
20
10
-0
.1
81
-0
.1
39
0.
19
4
0.
47
6
fro
ze
n
fro
ze
n
0.
05
2
0.
18
7
n.
i.
3/
8/
20
10
0.
42
7
0.
53
3
0.
52
2
0.
44
6
0.
03
8
0.
09
8
0.
21
2
0.
42
5
n.
i.
3/
22
/2
01
0
0.
17
3
0.
16
5
0.
29
7
0.
26
3
-0
.0
52
0.
01
5
0.
11
1
0.
18
3
n.
i.
4/
8/
20
10
-0
.0
23
0.
18
3
0.
28
6
0.
21
7
-0
.0
40
-0
.0
05
0.
09
7
0.
15
0
dr
y
4/
14
/2
01
0
0.
15
1
0.
47
9
0.
46
4
0.
37
5
0.
09
2
0.
14
1
0.
25
0
0.
28
2
dr
y
4/
20
/2
01
0
0.
39
5
0.
66
0
0.
58
5
0.
50
6
0.
44
3
0.
44
8
0.
38
5
0.
48
8
dr
y
4/
29
/2
01
0
0.
45
2
0.
60
7
0.
64
3
0.
54
1
0.
05
5
0.
14
1
0.
28
7
0.
56
3
0.
43
2
5/
4/
20
10
0.
08
5
0.
02
3
0.
53
7
0.
48
0
0.
05
9
0.
12
1
0.
10
6
0.
51
2
0.
34
9
5/
12
/2
01
0
0.
17
7
0.
50
6
0.
61
0
0.
67
1
0.
27
7
0.
36
6
0.
10
1
0.
67
4
0.
50
4
5/
18
/2
01
0
0.
18
9
0.
39
9
0.
55
4
0.
56
4
0.
05
4
0.
22
7
0.
42
7
dr
y
0.
41
8
5/
26
/2
01
0
0.
39
3
0.
26
9
0.
51
5
0.
65
2
0.
36
1
m
is
se
d
0.
45
0
m
ud
0.
45
4
6/
1/
20
10
0.
53
3
0.
53
9
0.
58
8
dr
y
0.
63
2
0.
53
9
0.
54
9
dr
y
0.
55
2
6/
8/
20
10
dr
y
dr
y
0.
69
0
dr
y
dr
y
0.
65
1
dr
y
dr
y
dr
y
6/
22
/2
01
0
0.
32
1
0.
34
4
0.
45
2
no
t r
ea
d
0.
48
2
0.
20
3
0.
43
5
0.
53
5
no
t r
ea
d
7/
13
/2
01
0
0.
29
2
0.
61
5
0.
59
5
0.
48
1
0.
36
4
0.
57
3
0.
43
7
0.
54
3
0.
58
2
8/
10
/2
01
0
0.
55
5
0.
66
1
dr
y
0.
51
6
0.
52
0
dr
y
0.
53
1
dr
y
dr
y
9/
8/
20
10
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
10
/5
/2
01
0
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
11
/9
/2
01
0
dr
y
de
st
ro
ye
d
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
12
/1
4/
20
10
0.
34
8
dr
y
0.
57
9
no
t r
ea
d
no
t r
ea
d
no
t r
ea
d
0.
52
4
dr
y
1/
13
/2
01
1
0.
44
7
dr
y
dr
y
0.
19
2
0.
25
9
0.
49
6
0.
51
5
0.
63
2
2/
10
/2
01
1
0.
30
8
dr
y
dr
y
ic
e
0.
19
5
0.
24
9
0.
28
0
0.
58
8
2/
28
/2
01
1
flo
od
ed
flo
od
ed
dr
y
flo
od
ed
flo
od
ed
-0
.7
42
-0
.2
87
0.
61
8
3/
8/
20
11
flo
od
ed
flo
od
ed
dr
y
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
3/
15
/2
01
1
flo
od
ed
flo
od
ed
0.
52
2
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
3/
21
/2
01
1
-0
.3
41
-0
.1
85
0.
30
3
-0
.0
80
no
t r
ea
d
-0
.1
12
-0
.1
40
0.
06
0
3/
28
/2
01
1
-0
.0
70
0.
29
3
0.
33
4
-0
.0
18
0.
04
7
0.
17
1
0.
13
4
0.
44
4
4/
5/
20
11
0.
17
5
0.
35
2
0.
41
5
-0
.0
36
0.
07
9
0.
17
2
0.
27
6
0.
50
2
4/
19
/2
01
1
0.
05
0
0.
32
2
0.
25
3
-0
.0
52
0.
10
6
0.
15
0
0.
19
6
0.
48
2
5/
5/
20
11
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
5/
16
/2
01
1
flo
od
ed
flo
od
ed
-0
.2
53
flo
od
ed
flo
od
ed
flo
od
ed
-0
.6
22
-0
.5
06
5/
24
/2
01
1
- 0
.0
62
0.
11
6
0.
27
4
-0
.0
29
0.
15
7
0.
26
7
0.
26
1
0.
06
8
5/
31
/2
01
1
flo
od
ed
-0
.0
47
0.
41
7
0.
04
3
0.
02
5
0.
27
5
0.
38
4
0.
13
3
n.
i. 
= 
no
t y
et
 in
st
al
le
d
gr
ey
 b
ox
 =
 s
at
ur
at
io
n/
in
un
da
tio
n
36
R
ea
d_
Da
te
11
/5
/2
00
9
12
/2
/2
00
9
1/
7/
20
10
2/
2/
20
10
3/
8/
20
10
3/
22
/2
01
0
4/
8/
20
10
4/
14
/2
01
0
4/
20
/2
01
0
4/
29
/2
01
0
5/
4/
20
10
5/
12
/2
01
0
5/
18
/2
01
0
5/
26
/2
01
0
6/
1/
20
10
6/
8/
20
10
6/
22
/2
01
0
7/
13
/2
01
0
8/
10
/2
01
0
9/
8/
20
10
10
/5
/2
01
0
11
/9
/2
01
0
12
/1
4/
20
10
1/
13
/2
01
1
2/
10
/2
01
1
2/
28
/2
01
1
3/
8/
20
11
3/
15
/2
01
1
3/
21
/2
01
1
3/
28
/2
01
1
4/
5/
20
11
4/
19
/2
01
1
5/
5/
20
11
5/
16
/2
01
1
5/
24
/2
01
1
5/
31
/2
01
1
n.
i. 
= 
no
t y
et
 in
st
al
le
d
gr
ey
 b
ox
 =
 s
at
ur
at
io
n/
in
un
da
tio
n
W
el
l 1
1S
W
el
l 1
2S
W
el
l 1
3S
W
el
l 1
4S
W
el
l 1
5S
W
el
l 1
6S
W
el
l 1
7S
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
0.
54
5
-0
.1
75
flo
od
ed
dr
y
-0
.5
23
-0
.0
74
-0
.0
47
-0
.0
16
flo
od
ed
flo
od
ed
dr
y
-0
.9
09
flo
od
ed
flo
od
ed
-0
.0
05
flo
od
ed
flo
od
ed
dr
y
flo
od
ed
flo
od
ed
flo
od
ed
0.
13
1
0.
11
4
-0
.4
26
dr
y
-0
.6
62
-0
.0
64
0.
11
6
0.
64
0
0.
33
4
-0
.0
16
dr
y
-0
.3
02
dr
y
dr
y
dr
y
0.
22
0
0.
42
8
dr
y
0.
07
4
dr
y
dr
y
dr
y
0.
12
0
0.
49
1
dr
y
0.
11
5
dr
y
dr
y
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
-0
.1
05
flo
od
ed
flo
od
ed
0.
57
8
flo
od
ed
flo
od
ed
flo
od
ed
0.
29
8
0.
15
4
0.
02
1
dr
y
-0
.3
63
dr
y
no
t f
ou
nd
0.
45
4
0.
51
4
0.
11
3
dr
y
-0
.3
06
0.
47
5
dr
y
37
R
ea
d_
D
at
e
W
el
l 1
S
W
el
l 2
S
W
el
l 3
S
W
el
l 4
S
W
el
l 5
S
W
el
l 6
S
W
el
l 7
S
W
el
l 9
S
W
el
l 1
0S
W
el
l 1
1S
11
/5
/2
00
9
12
3.
86
7
12
3.
70
2
12
3.
82
6
dr
y
12
4.
32
0
12
3.
96
2
12
4.
02
9
12
4.
07
7
n.
i.
n.
i.
12
/2
/2
00
9
12
3.
79
7
12
3.
56
1
12
3.
84
3
12
4.
46
1
12
4.
34
5
12
3.
98
0
12
4.
06
2
12
4.
15
0
n.
i.
n.
i.
1/
7/
20
10
fro
ze
n
fro
ze
n
fro
ze
n
12
4.
64
9
12
5.
12
4
fro
ze
n
fro
ze
n
fro
ze
n
n.
i.
n.
i.
2/
2/
20
10
12
4.
27
2
12
4.
24
3
12
4.
09
7
12
4.
61
6
fro
ze
n
fro
ze
n
12
4.
21
2
12
4.
32
3
n.
i.
n.
i.
3/
8/
20
10
12
3.
66
4
12
3.
57
1
12
3.
76
9
12
4.
64
6
12
4.
30
1
12
4.
06
2
12
4.
05
2
12
4.
08
5
n.
i.
n.
i.
3/
22
/2
01
0
12
3.
91
8
12
3.
93
9
12
3.
99
4
12
4.
82
9
12
4.
39
1
12
4.
14
5
12
4.
15
3
12
4.
32
7
n.
i.
n.
i.
4/
8/
20
10
12
4.
11
4
12
3.
92
1
12
4.
00
5
12
4.
87
5
12
4.
37
9
12
4.
16
5
12
4.
16
7
12
4.
36
0
dr
y
n.
i.
4/
14
/2
01
0
12
3.
94
0
12
3.
62
5
12
3.
82
7
12
4.
71
7
12
4.
24
7
12
4.
01
9
12
4.
01
4
12
4.
22
8
dr
y
n.
i.
4/
20
/2
01
0
12
3.
69
6
12
3.
44
4
12
3.
70
6
12
4.
58
6
12
3.
89
6
12
3.
71
2
12
3.
87
9
12
4.
02
2
dr
y
n.
i.
4/
29
/2
01
0
12
3.
63
9
12
3.
49
7
12
3.
64
8
12
4.
55
1
12
4.
28
4
12
4.
01
9
12
3.
97
7
12
3.
94
7
12
4.
12
0
n.
i.
5/
4/
20
10
12
4.
00
6
12
4.
08
1
12
3.
75
4
12
4.
61
2
12
4.
28
0
12
4.
03
9
12
4.
15
8
12
3.
99
8
12
4.
20
3
n.
i.
5/
12
/2
01
0
12
3.
91
4
12
3.
59
8
12
3.
68
1
12
4.
42
1
12
4.
06
2
12
3.
79
4
12
4.
16
3
12
3.
83
6
12
4.
04
8
n.
i.
5/
18
/2
01
0
12
3.
90
2
12
3.
70
5
12
3.
73
7
12
4.
52
8
12
4.
28
5
12
3.
93
3
12
3.
83
7
dr
y
12
4.
13
4
n.
i.
5/
26
/2
01
0
12
3.
69
8
12
3.
83
5
12
3.
77
6
12
4.
44
0
12
3.
97
8
m
is
se
d
12
3.
81
4
m
ud
12
4.
09
8
n.
i.
6/
1/
20
10
12
3.
55
8
12
3.
56
5
12
3.
70
3
dr
y
12
3.
70
7
12
3.
62
1
12
3.
71
5
dr
y
12
4.
00
0
n.
i.
6/
8/
20
10
dr
y
dr
y
12
3.
60
1
dr
y
dr
y
12
3.
50
9
dr
y
dr
y
dr
y
n.
i.
6/
22
/2
01
0
12
3.
77
0
12
3.
76
0
12
3.
83
9
no
t r
ea
d
12
3.
85
7
12
3.
95
7
12
3.
82
9
12
3.
97
5
no
t r
ea
d
n.
i.
7/
13
/2
01
0
12
3.
79
9
12
3.
48
9
12
3.
69
6
12
4.
61
1
12
3.
97
5
12
3.
58
7
12
3.
82
7
12
3.
96
7
12
3.
97
0
n.
i.
8/
10
/2
01
0
12
3.
53
6
12
3.
44
3
dr
y
12
4.
57
6
12
3.
81
9
dr
y
12
3.
73
3
dr
y
dr
y
n.
i.
9/
8/
20
10
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
n.
i.
10
/5
/2
01
0
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
n.
i.
11
/9
/2
01
0
dr
y
de
st
ro
ye
d
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
dr
y
n.
i.
12
/1
4/
20
10
12
3.
74
3
dr
y
12
4.
51
3
no
t r
ea
d
no
t r
ea
d
no
t r
ea
d
12
3.
98
6
dr
y
n.
i.
1/
13
/2
01
1
12
3.
64
4
dr
y
dr
y
12
4.
14
7
12
3.
90
1
12
3.
76
8
12
3.
99
5
12
3.
92
0
n.
i.
2/
10
/2
01
1
12
3.
78
3
dr
y
dr
y
ic
e
12
3.
96
5
12
4.
01
5
12
4.
23
0
12
3.
96
4
n.
i.
2/
28
/2
01
1
flo
od
ed
flo
od
ed
dr
y
flo
od
ed
flo
od
ed
12
5.
01
6
12
4.
79
4
12
3.
96
5
12
4.
45
1
3/
8/
20
11
flo
od
ed
flo
od
ed
dr
y
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
12
5.
01
2
3/
15
/2
01
1
flo
od
ed
flo
od
ed
12
4.
55
0
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
12
5.
00
1
3/
21
/2
01
1
12
4.
42
8
12
4.
47
8
12
4.
76
9
12
4.
40
8
no
t r
ea
d
12
4.
38
6
12
4.
64
7
12
4.
52
3
12
4.
86
5
3/
28
/2
01
1
12
4.
15
7
12
4.
00
0
12
4.
73
8
12
4.
34
6
12
4.
08
4
12
4.
10
3
12
4.
37
3
12
4.
13
9
12
4.
35
6
4/
5/
20
11
12
3.
91
2
12
3.
94
1
12
4.
65
7
12
4.
36
4
12
4.
05
2
12
4.
10
2
12
4.
23
1
12
4.
08
1
dr
y
4/
19
/2
01
1
12
4.
03
7
12
3.
97
1
12
4.
81
9
12
4.
38
0
12
4.
02
5
12
4.
12
4
12
4.
31
1
12
4.
10
1
dr
y
5/
5/
20
11
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
5/
16
/2
01
1
flo
od
ed
flo
od
ed
12
5.
32
5
flo
od
ed
flo
od
ed
flo
od
ed
12
5.
12
9
12
5.
08
9
12
5.
10
1
5/
24
/2
01
1
12
4.
14
9
12
4.
17
7
12
4.
79
8
12
4.
35
7
12
3.
97
4
12
4.
00
7
12
4.
24
6
12
4.
51
5
12
4.
69
8
5/
31
/2
01
1
flo
od
ed
12
4.
34
0
12
4.
65
5
12
4.
28
5
12
4.
10
6
12
3.
99
9
12
4.
12
3
12
4.
45
0
12
4.
54
2
n.
i.=
 n
ot
 y
et
 in
st
al
le
d
38
R
ea
d_
D
at
e
11
/5
/2
00
9
12
/2
/2
00
9
1/
7/
20
10
2/
2/
20
10
3/
8/
20
10
3/
22
/2
01
0
4/
8/
20
10
4/
14
/2
01
0
4/
20
/2
01
0
4/
29
/2
01
0
5/
4/
20
10
5/
12
/2
01
0
5/
18
/2
01
0
5/
26
/2
01
0
6/
1/
20
10
6/
8/
20
10
6/
22
/2
01
0
7/
13
/2
01
0
8/
10
/2
01
0
9/
8/
20
10
10
/5
/2
01
0
11
/9
/2
01
0
12
/1
4/
20
10
1/
13
/2
01
1
2/
10
/2
01
1
2/
28
/2
01
1
3/
8/
20
11
3/
15
/2
01
1
3/
21
/2
01
1
3/
28
/2
01
1
4/
5/
20
11
4/
19
/2
01
1
5/
5/
20
11
5/
16
/2
01
1
5/
24
/2
01
1
5/
31
/2
01
1
n.
i.=
 n
ot
 y
et
 in
st
al
le
d
W
el
l 1
2S
W
el
l 1
3S
W
el
l 1
4S
W
el
l 1
5S
W
el
l 1
6S
W
el
l 1
7S
G
au
ge
 A
G
au
ge
 B
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
fro
ze
n
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
fro
ze
n
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
12
3.
82
0
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
no
t r
ea
d
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
12
3.
89
6
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
12
4.
25
3
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
12
3.
86
9
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
12
3.
72
3
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
12
3.
70
1
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
12
4.
01
5
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
12
3.
85
4
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
n.
i.
dr
y
n.
i.
12
4.
99
7
flo
od
ed
dr
y
12
4.
59
3
12
4.
81
0
12
5.
01
8
flo
od
ed
12
4.
08
1
flo
od
ed
flo
od
ed
dr
y
12
4.
97
9
flo
od
ed
flo
od
ed
flo
od
ed
12
4.
40
7
flo
od
ed
flo
od
ed
dr
y
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
12
4.
65
1
12
4.
70
8
12
4.
86
9
dr
y
12
4.
73
2
12
4.
80
0
12
4.
85
5
flo
od
ed
12
4.
69
3
12
4.
48
8
12
4.
45
9
dr
y
12
4.
37
2
dr
y
dr
y
12
4.
13
7
12
4.
65
7
12
4.
60
2
12
4.
01
5
dr
y
12
3.
99
6
dr
y
dr
y
12
3.
84
5
12
4.
38
8
12
4.
70
2
12
3.
95
2
dr
y
12
3.
95
5
dr
y
dr
y
12
3.
69
5
12
4.
40
7
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
12
5.
24
3
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
flo
od
ed
12
4.
66
8
12
4.
42
2
dr
y
12
4.
43
3
dr
y
no
t f
ou
nd
12
4.
16
8
flo
od
ed
12
4.
30
8
12
4.
33
0
dr
y
12
4.
37
6
12
4.
26
1
dr
y
flo
od
ed
flo
od
ed
39
W
el
l#
in
st
al
la
tio
n 
da
te
bo
re
ho
le
 
de
pt
h 
(m
)
w
el
l 
le
ng
th
 
(m
)
st
ic
k‐
up
 
(m
)
to
ta
l w
el
l 
de
pt
h 
(c
al
cu
la
te
d)
 
(m
)
sc
re
en
 
le
ng
th
 (m
)
sc
re
en
ed
 in
te
rv
al
 
re
la
tiv
e 
to
 g
ro
un
d 
su
rf
ac
e 
(m
)
sa
nd
 p
ac
k 
(m
)
be
nt
on
ite
 se
al
 
(m
)
1
10
/2
0/
20
09
0.
75
1.
89
6
1.
15
2
0.
74
4
0.
31
2
0.
71
2‐
0.
40
0
0.
71
2‐
0.
27
0
0.
27
0‐
0.
00
0
2
10
/2
0/
20
09
0.
75
1.
88
8
1.
14
8
0.
74
0
0.
29
9
0.
70
8‐
0.
40
9
0.
70
8‐
0.
28
0
0.
28
0‐
0.
00
0
3
10
/2
0/
20
09
0.
76
1.
91
9
1.
17
6
0.
74
3
0.
29
4
0.
71
1‐
0.
41
7
0.
71
1‐
0.
29
0
0.
29
0‐
0.
00
0
4
10
/2
0/
20
09
0.
74
1.
84
8
1.
12
5
0.
72
3
0.
30
9
0.
69
1‐
0.
38
2
0.
69
1‐
0.
28
0
0.
28
0‐
0.
00
0
5
10
/2
0/
20
09
0.
76
1.
84
7
1.
08
3
0.
76
4
0.
28
0
0.
73
2‐
0.
45
2
0.
73
2‐
0.
28
0
0.
28
0‐
0.
00
0
6
10
/2
0/
20
09
0.
77
1.
87
6
1.
08
6
0.
79
0
0.
30
9
0.
75
8‐
0.
44
9
0.
75
8‐
0.
30
0
0.
30
0‐
0.
00
0
7
10
/2
0/
20
09
0.
76
1.
87
7
1.
13
5
0.
74
2
0.
29
5
0.
71
1‐
0.
41
6
0.
71
1‐
0.
30
0
0.
30
0‐
0.
00
0
8
10
/2
0/
20
09
0.
76
1.
84
9
1.
08
8
0.
76
1
0.
30
8
0.
72
9‐
0.
42
1
0.
72
9‐
0.
30
0
0.
30
0‐
0.
00
0
9
10
/2
1/
20
09
0.
74
1.
88
6
1.
08
0
0.
80
6
0.
30
4
0.
77
5‐
0.
47
1
0.
77
5‐
0.
30
0
0.
30
0‐
0.
00
0
10
4/
8/
20
10
0.
75
1.
75
0
1.
02
5
0.
72
5
0.
29
4
0.
69
3‐
0.
39
9
0.
69
3‐
0.
29
5
0.
29
5‐
0.
00
0
11
2/
22
/2
01
1
0.
76
1.
70
5
0.
91
1
0.
79
4
0.
31
3
0.
76
2‐
0.
44
9
0.
76
2‐
0.
30
0
0.
30
0‐
0.
00
0
12
2/
22
/2
01
1
0.
77
1.
74
2
0.
95
4
0.
78
8
0.
30
4
0.
75
6‐
0.
45
2
0.
75
6‐
0.
21
0
0.
21
0‐
0.
00
0
13
2/
22
/2
01
1
0.
75
1.
69
7
0.
92
7
0.
77
0
0.
25
1
0.
73
8‐
0.
48
7
0.
73
8‐
0.
30
0
0.
30
0‐
0.
00
0
14
2/
22
/2
01
1
0.
75
1.
70
5
0.
30
2
0.
30
0
0.
30
0‐
0.
00
0
15
2/
22
/2
01
1
0.
75
1.
70
0
0.
94
0
0.
76
0
0.
31
0
0.
72
8‐
0.
41
8
0.
72
8‐
0.
30
0
0.
30
0‐
0.
00
0
16
2/
23
/2
01
1
0.
73
1.
70
0
0.
95
5
0.
74
5
0.
33
5
0.
71
3‐
0.
37
8
0.
71
3‐
0.
27
0
0.
27
0‐
0.
00
0
17
2/
23
/2
01
1
0.
74
1.
69
9
0.
96
9
0.
73
0
0.
31
0
0.
69
8‐
0.
38
8
0.
69
8‐
0.
26
0
0.
26
0‐
0.
00
0
40
PFO1A
PFO1A
PEM/SS1F
PEMCPUBF
PUBF PUBF
Appendix D: NWI Wetland Determination (U.S. Fish and Wildlife Service 2009).  Map based  on Lawrence,
NE and SE digital orthophoto quarter quadrangles (Illinois State Geological Survey 2006).  
NWI mapped Wetlands
Forested wetland (PFO1A)
Emergent-scrub shrub wetland (PEM/SS1F)
Emergent wetland (PEMC)
Wetland, unconsolidated bottom (PUBF)
bank boundary
0 300 m
0 1,000 ft ³
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Appendix F.  Photographs of flooding at the proposed wetland bank.
These photographs were taken on January 7, 2010 in the forest north of the
agricultural field west of Beaver Pond Ditch, and show evidence of recent
inundation. This was likely the result of Beaver Pond Ditch overtopping its banks
on December 29 and 30, 2009 which was likely due to a flood event on the
Embarras River that was occurring at the same time (Figure 11).
Line of snow and ice on trees
marking recent depth of flooding
on the site.
Line of snow and ice on trees
marking recent depth of flooding
on the site.
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These photographs were taken March 22, 2010 and show Beaver Pond Ditch in a
bank-full condition (top), inundation in the forested are west of the ditch (top), and
inundation in the south end of the agricultural field west of Beaver Pond Ditch
(bottom). This inundation was likely due to an action stage event that occurred on
the Embarras River on March 15, 2010.
Appendix F.  Continued.
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These photographs show flooding at the site on March 15, 2011 (top) and May 3, 2011
(bottom). The view in both is looking southeastward towards the farm field west of Beaver
Pond Ditch from the top of the Russell-Allison Levee that forms the western boundary of the
site.  In the top photograph, the surface water is 0.6-0.9 m (2.0-3.0 ft) deep, and extends
south to well 11S (Figure 6), and in the bottom photograph it is 1.8-2.4 m (6.0-8.0 ft) deep,
and covers the entire site.
Appendix F.  Continued.
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